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(S) Cathode ray tube display apparatus. 

(§) Cathode ray tube display apparatus com- 
prises a cathode ray tube display screen (10) for 
displaying successive frames of a non-inter- 
laced video image in response to excitation by 
at least one raster-scanned electron beam. A 
line timebase circuit (40) sequentially addresses 
the or each electron beam to successive pixels 
on the screen in a line of a raster in response to 
a line timebase sync signal. A frame timebase 
(50) circuit sequentially addresses the or each 
electron beam to successive lines of the raster 
in response to a frame timebase sync signal. 
The frame timebase circuit (50) comprises 
means for offeeting successive frames of the 
video image in a direction transverse of the 
lines of the raster by a distance less than the 
spacing of adjacent lines of the raster. Gaps 
between adjacent pixels on successive lines of 
the raster are made Invisible to the viewer be- 
cause the persistence of a viewers eye effec- 
tively integrates the image content of 
successive frames. Also, because the succes- 
sive frames have the same image content, there 
is no low frequency component in the image 
spectrum below the frame timebase frequency. 
Therefore, the displayed image is free from 
objectionable flicker. 
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Th present invention relates to cathod ray tub 
(CRT) display apparatus for displaying successiv 
fl^m s of a non-interlaced video image with Improved 
character legibility. 

A CRT display, such as a computer visual display 
unit or a television receiver for example, convention- 
ally comprises a line timebase circuit for sequentially 
addressing one or more electron beams to successive 
pixels in a line from one side of a CRT to the other in 
response to a line timebase synchronisation signal, 
and a frame timebase circuit for sequentially address- 
ing the or each electron beam to successive lines 
from the top of the CRT to the bottom in response to 
a frame timebase synchronisation signal. In opera- 
tion, the or each electron beam follows a zig zag pat- 
tern over the area of the CRT screen. The zig zag pat- 
tern is usually, and will hereinafter be, referred to as 
a raster. 

In the interests of maximising the legibility of the 
video image, it is desirable to minimise the spacing 
between adjacent lines of the raster. This requires a 
high rasterline density and a small electron team spot 
size. However, in a colour CRT, if the spot size is suf- 
ficiently small, the temporal frequency at which the 
electron beams are scanned across the lines of the 
raster can interact with the spatial frequency of the 
perforations in the shadow mask to generate an ob- 
jectionable Moire fringe pattern on the CRT screen. 
Moire fringe patterns are especially common in dis- 
plays capable of operating at any one of a range of line 
scan frequencies because it is difficult to optimise the 
spatial frequency of the perforations in the shadow 
mask to prevent them at all frequencies in the range. 
This problem can be overcome using a larger spot 
size. However, this mitigates against obtaining a high 
contrast ratio between elements of characters such 
as "m" and "e". 

In accordance with the present invention, there is 
now provided cathode ray tube display apparatus 
comprising: a cathode ray tube display screen for dis- 
playing successive frames of a non-interlaced video 
Image in response to excitation by at least one raster- 
scanned electron beam; a line timebase drcuitfor se- 
quentially addressing the or each electron beam to 
successive pixels on the screen in a line of a raster in 
response to a line timebase sync signal; and a frame 
timebase circuit for sequentially addressing the or 
each electron beam to successive lines of the raster 
In response to a frame timebase sync signal; charac- 
terised in that the frame timebase circuit comprises 
means for offsetting successive frames of the video 
Image in a direction transverse of the lines of the ras- 
ter by a distance less than the spacing of adjacent 
tines of th raster. 

The present invention is based on th realisation 
that gaps b tw en adjac nt pbcels on successive 
lines of the rast r, that are produced by reducing th 
electron beam spot siz to increase th inner contrast 



ratio of displayed characters, can be mad invisible to 
thevi wer by shifting succ ssive frames of the video 
image in a dir ction fransv rse of th lines of th ras- 
t r by a distance less than the spacing of adjacent 

5 lines of the raster. Because the persistence of a view- 
ers eye effectively integrates the image content of 
successive frames, the relative movement of pixels 
between successive frames remains undetected. 
Thus, in appearance, a displayed character has 

10 smooth, unbroken strokes. Furthermore, because 
the successive frames have the same image content, 
there is no low frequency component in the image 
spectrum below the frame timebase frequency. 
Therefore, the displayed image is free from objection- 

15 able flicker. 

The present Invention thus permits a small spot 
size to improve character legibility along successive 
lines of the raster without Impairing character legibil- 
ity between successive lines of the raster. 

20 It will be appreciated that the present invention 
extends to both colour and monochrome CRT dis- 
plays. Indeed, when applied to a colour CRT display, 
the present invention advantageously tends to pre- 
vent generation of objectionable Moire fringe patterns 

25 screen because the spaces between adjacent lines of 
the raster in one frame are effectively filled in by the 
lines of the raster in the next frame. 

Preferably, the offset means comprises a divide 
by two counter responsive to the line timebase sync 

30 signal for generating a square wave signal of half Ithe 
frequency of the line timebase sync signal in such a 
manner that successive frames of the raster corre- 
spond to alternate levels of the square wave signal. 
Advantageously, the counter permits successive 

35 frames of the video image to be identified without the 
need for complex electronic circuitry. Furthermore, 
the counter may be conveniently implemented by a 
widely available and Inexpensive integrated circuit 
package. 

40 In a preferred embodiment the present invention 
the frame timebase generator comprises a ramp sig- 
nal generator for generating a ramp signal in response 
to the frame timebase sync signal, and the offset 
means comprises a summing amplifier for adding the 

45 square wave signal to the ramp signal to offset suc- 
cessive frames of the video Image. Thus, successive 
frames of the video image may be offset by simple, 
and hence advantageous, addition of two electrical 
signals. 

50 The offset means may further comprise an ana- 
logue multiplexor for selecting any one of a plurality 
of amplitudes for the square signal In response to a 
digital control signal indicativ of a desir d on of a 
plurality of display mod s of operation. 

55 Th pres nt invention may thus advantageously 
extend to CRT displays that ar op rabi within a 
range of lin refresh fr qu nci sand a rang of frame 
refresh frequenci saswell asthos that are op rabI 
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only at fixed line and fram refr sh fr qu ncies. 

In a particularly preferr d embodiment of the 
present invention, th frame timebase circuit is con* 
figured to respond to a frame sync signal of a frequen- 
cy of at least 75H2- Therefore, the pixel positions are s 
modulated at a frequency of at least 37.5Hz. 

Preferred embodiments of the present invention 
will now be described, by way of example only, with 
reference to the accompanying drawings in which: 

Figure 1 is a block diagram of a CRT display of the io 
present invention. 

Figure 2 is a block diagram of a firame timebase 
circuit in accordance with the present invention. 

Figures 3a. 3b and 3c are explanatory views of a 
character displayed in accordance with the present is 
Invention. 

Flgure4 is a blockdiagram of anotherframe time- 
base circuit in accordance with the present invention. 

Referring first to Figure 1, a monochrome CRT 
display of the present invention comprises a mono- 20 
chrome cathode ray tube 10 having an electromag- 
netic coil assembly or yoke 20. A video amplifier 30 is 
connected to an electron gun (not shown) enclosed in 
the cathode ray tube 1 0. The yoke comprises line and 
firame deflection coils (not shown) respectively con- 25 
nected to a line timebase circuit 40 and a frame time- 
base circuit 50. 

In operation, the energy of an electron beam gen- 
erated by the electron gun and directed towards the 
screen of the CRT Is modulated by an Input video sig- 30 
nal 70. The line timebase circuit generates a sawtooth 
deflection current in the line deflection coils for 
sweeping the electron beam from one side of the 
screen to the other during a scan period and then rap- 
idly returning the electron beam during a line retrace 35 
period. To scan the electron beam over the area of the 
CRT screen in a raster, the frame timebase circuit si- 
multaneously generates a sawtooth deflection cur- 
rent in the frame deflection coils for sweeping the 
electron beam firom the top of the CRT screen to the 40 
bottom during a frame scan period and for rapidly re- 
turning the electron beam to the top of the screen dur- 
ing a frame retrace period. The outputs of the line and 
frame timebase circuits are respectively synchronised 
to the input video signal by Input line and frame syn- 45 
chronisation (sync) signals, 60 and 80. The frame per- 
iod is typically equivalent to hundreds of line scan per- 
kxls to generate a high resolutton video Image. 

As mentioned earlier, in the Interests of maximis- 
ing character legibility in the video image, it Is desir- so 
able to minimise the spacing between adjacent lines 
of the raster. This minimises the so-called brightness 
modulation index Lm defined by the equation 

^ " 7^ r§ 

L1 + L2 ss 

wher L1 Is the lumlnanc of pixels on adjacent lines 

of the raster and L2 is th lumlnanc ofth spacing 

b tw enth pbcels on the adjacent Iln s. 



In practise, acceptable character legibility is ach- 
ieved on a monochrome CRT screen when th bright- 
n ss modulation index is 0.4 and on a colour CRT 
screen when th brightness modulation index Is 0.7. 

Also as mentioned earlier, in the interests of fur- 
ther maximising character legibility, It is desirable to 
maximise the contrast between passive and active 
elements of charactere such as "m" and "e". This max- 
imises the so-called character inner contrast ratio, Cr, 
defined by the equation 

.= L1 



Cr = 



L2 



where L1 is the luminance of an active element of the 
character and L2 is the luminance of a passive ele- 
ment. 

In practise, acceptable character legibility is ach- 
ieved on a CRT screen If the character Inner contrast 
ratio is at least 3:1. 

Referring now to Figure 2. the frame timebase 
stage 50 comprises a ramp signal generator 210 hav- 
ing an input connected to the frame sync signal 80 
and an output connected, via resistor R2 to the input 
of a power amplifier 220. The output of the power am- 
plifier 220 is connected to the frame deflection coils 
230 of the yoke 20. The frame sync signal is also con- 
nected to the input of a divide by two counter200. The 
output of the counter 200 is connected, via resistor R1 
to to the input of the power amplifier 220. 

In operation, the ramp generator 210 generates 
a ramp signal at the same frequency as, and syn- 
chronised to the frame sync signal 80. The counter 
200 responds to the frame sync signal by generating 
a square wave of half the frequency of the frame sync 
signal. The square wave is combined additively with 
the ramp signal atthe input of the power amplifier 220 
according to the ratio of R1 to R2. R1, R2 and the 
power amplifier 220 in combination therefore act as 
a summing amplifier. Thus, successive frames of the 
video image displayed on the CRT screen corre- 
spond to the alternate high and low states of the 
square wave. The ration of the resistore R1 and R2 
are selected in such a manner that the voltage differ- 
ence between the high and low states of the square 
wave corresponds to an vertical offset between suc- 
cessive frames of the displayed video image of less 
than the spacing between adjacent lines of the raster. 
The square wave is added to the ramp signal before 
application of any S correction via an S correction 
network (not shown) so that the offset between suc- 
cessive frames is substantially equal from the top of 
the CRT screen to the bottom. 

Figure 3a shows an example of a character dis- 
played In a frame corresponding to a high state in the 
square wav .Th spot size is mad small to optimis 
th inner character contrast ratio, ther ar gaps be- 
twe n adjacent pixels on successive lines ofth ras- 
ter. The brightness modulation Index is therefore 
poor. FIgur 3b shows th sam character displayed 
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in the next frame when the square wav has toggled 
to a low state. Th character is shift d vertically by an 
amount equal to half th distanc betwe n succes- 
sive lines of th raster. Referring now to Figure 3c, if 
the frame sync signal is of sufficiently high frequency, 5 
the persistence of a viewers eye effectively integrates 
the Image content of successive frames in such a 
manner that relative movement, of pixels between 
successive frames Is not detected. Thus, in appear- 
ance, the character has smooth, unbroken strokes. io 

In preferred embodiments of the present inven- 
tion, the frame sync signal has a frequency of 75Hz. 
Therefore, the pixel positions are modulated at a fre- 
quency of 37.5Hz. However, because successive 
frames have the same image content, there is no low is 
frequency component in the image spectrum below 
75Hz. Therefore, the displayed Image Is free from ob- 
jectionable flicker. 

Referring back to Figure 1, it will now be appre- 
ciated that the present invention is equally applicable 20 
to a colour CRT display in which the video signal 70 
comprises red, green and blue components for driv- 
ing, respectively red, green and blue electron guns In 
the CRT 10. 

As will be described hereinafter, the present In- 25 
vention also extends to CRT displays capable of op- 
erating within a range of frame and line refresh fre- 
quencies. An example of such a display may be ca- 
pable of operating in any one of four display modes 
with each display mode having different frame and 30 
line refresh requirements. Referring now to 4, In an 
example of such a display, the frame timebase circuit 
50 comprises an analogue muitiplexor 410 having a 
single line output connected to a reference input 420 
of the ramp signal generator 210. The multiplexor 410 35 
has a pair of binary control inputs, 430 and 440, con- 
nected to a mode control circuit 450 and four line in- 
puts connected to a supply voltage via four resistors 
R3-R6. The mode control circuit is connected to the . 
line sync signal 60 and the frame sync signal 80. An- 40 
other analogue multiplexor 400 has a line output con- 
nected to the input of the power amplifier 220 via re- 
sistor R1 . The multiplexor 400 also has a pair of binary 
control inputs, 430 and 440, connected to the mode 
control circuit 450 and four line Inputs connected to 45 
the output of the divide by two counter 200 via four 
resistors R7-R10. 

In operation, the mode control circuit 450 de- 
codes the line and frame sync signals, 60 and 80 to 
determine the required display mode and sets the 50 
control inputs, 430 and 440, to one of four possible bi- 
nary permutations, 01. 10, 11. and 00, accordingly. 
The control inputs, 430 and 440, determine, via the 
multiplexor 410, which one of th four resistors, R3- 
R8, connects th su pply voltage Vt th r ferencein- 55 
put of the ramp generator 21 0. Each value of th re- 
sistors. R3-R6, is s lectedtoconfigur th ramp gen- 
erator 210 to generate a ramp signal corr sponding 



to a different one of the four display modes. Similarly, 
th control inputs, 430 and 440, determine, via multi- 
plexor 400, which one of th four resistors, R7-R10, 
is connect d in s ries with R1 betwe n the output of 
the counter 220 and the input of the power amplifier 
200. Each value of the resistors, R7 to RIO, is select- 
ed to set, in accordance with a different one of the 
four display modes, the amplifier of the square wave 
added to the ramp signal at the input of the porter anrv 
plif ier 220. 

It will be appreciated from the foregoing that the 
present Invention provides a cathode ray tube display 
apparatus comprising: a cathode ray tube display 
screen (1 0) for displaying successive frames of a non- 
interlaced video image in response to excitation by at 
least one raster-scanned electron beam, a line time- 
base circuit (40) sequentially addresses the or each 
electron beam to successive pixels on the screen in 
a line of a raster in response to a line timebase sync 
signal, and a frame timebase (50) circuit sequentially 
addresses the or each electron team to successive 
lines of the raster In response to a frame timebase 
sync signal. The frame timebase circuit (50) compris- 
es means for offsetting successive frames of the vid- 
eo image in a direction transverse of the lines of the 
raster by a distance less than the spacing of adjacent 
lines of the raster. Gaps between adjacent pixels on 
successive lines of the raster are thus made Invisible 
to the viewer because the persistence of a viewers 
eye effectively Integrates the image content of suc- 
cessive firames. Also, because the successive frames 
have the same Image content, there is no low fre- 
quency component In the Image spectrum below the 
frame timebase frequency. Therefore, the displayed 
Image is advantageously free from objectionable 
flicker. 



Claims 

1. Cathode ray tube display apparatus comprising: 

a cathode ray tube display screen (10) for 
displaying successive frames of a non-interlaced 
vkleo image in response to excitation by at least 
one raster-scanned electron beam; 

a line timebase circuit (40) for sequentially 
addressing the or each electron beam to succes- 
sive pixels on the screen (10) in a line of a raster 
in response to a line timebase sync signal; and 

a frame timebase circuit (50) for sequen- 
tially addressing the or each electron beam to 
successive lines of the raster in response to a 
frame timebase sync signal; 

characterised in that th fram timebase 
circuit (50) comprises offset meams (200) for off- 
setting successiv fram s of th vide image in 
a direction transv rse of the lines of the raster by 
a distanc less than th spacing of adjac nt lines 
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of the raster. 



2. Apparatus as claim d in claim 1 wher in th off- 
set means (200) comprises a divid by two coun- 
ter (200) responsive to the lin timebasesyncsig- 5 
nal fbr generating a square wave signal of half the 
frequency of the line timebase sync signal in such 

a manner that successive frames of the raster 
correspond to alternate levels of t he square wave 
signal. io 

3. Apparatus as claimed in claim 2 where in the 
frame timebase circuit (50) comprises a ramp sig- 
nal generator (210) for generating a ramp signal 

in response to the frame timebase sync signal, 15 
and the offset means comprises a summing am- 
plifier (220, R1,R2) for adding the square wave 
signal to the ramp signal to offset successive 
frames of the video image. 

20 

4. Apparatus as claimed in daim 3 wherein the sum- 
ming amplifier (220,R1,R2) comprises a power 
amplifier (220) having an input connected to the 
counter (200) via a first resistor (R1) and to the 
ramp gnerator (210) via a second resistor (R2), 25 
and an output connected to a frame electroma- 
gentic deflection coll of the cathode ray tube (1 0). 



5. Apparatus as claimed in any one of claims 2 to 4 
wherein the offset means comprises an analogue 30 
multiplexor (400) for selecting any one of a plur- 
ality of amplitudes for the square wave signal in 
response to a digital control signal indicative of a 
desired one of a plurality of display modes of op- 
eration. 35 

6. Apparatus as claimed in any preceding daim 
w+herein wherein the frame timebase circuit is 
configured to scan successive frames of the vid- 
eo image at a frequency of at least 70Hz. 40 



7. Apparatus as dalmed In any preceding daim 
wherein the cathode ray tube display screen is a 
colour cathode ray tube display screen. 



45 
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